Background: Type 2 diabetes (T2D) is a public health pandemic disproportionately affecting low-and middleincome countries. The purpose of this formative research was to adapt evidence-based diabetes self-management education programs to the context of Seguro Popular clinics in Mexico. A theory-based mHealth (pictorial text messaging) component was developed. Method: Our formative research and development of the program protocol consisted of six phases: (1) interviews and focus groups with stakeholders on the challenges to T2D management, curriculum content needs, and the use of mHealth as a supplement to a DSME program; (2) review of the theoretical underpinning, curriculum, and interactive strategies of four evidence-based DSME programs and modification to meet the needs of adults with T2D and systems of care in Mexico City; (3) development of theory-based illustrated text messages; (4) evaluation of text messaging acceptability and access in adults with T2D via focus groups; (5) development of program manual; and (6) development of a training program for health care providers.
Background
Type 2 diabetes (T2D) is a global health concern with persons in low-and middle-income countries affected disproportionately [1] . Based on 2016 data, the prevalence of T2D in Mexico was estimated at 15.9%, one of the highest in the world [2] . T2D is the second leading cause of death in the country, with direct costs of more than 7 billion dollars in 2011 [3, 4] . Of considerable concern is that, despite having access to medical care, 70% of adults with T2D living in Mexico City have poor glycemic control [glycated hemoglobin (A1C) > 7.0%] with 56% demonstrating extremely poor control (A1C > 11%) [5] . T2D selfmanagement has also been shown to be suboptimal [4] . The overarching goal of our project was to develop and evaluate a novel diabetes self-management education (DSME) program for adults with limited resources in Mexico and improve behavioral, psychosocial, and metabolic outcomes.
Adults with T2D in Mexico may not have access to highquality DSME programs and often lack knowledge and understanding about T2D etiology and self-management. Many Mexican adults with T2D believe that the primary etiology of T2D is extreme fright or stress [6] [7] [8] . This health belief is a potential barrier to T2D self-management, as many Mexican adults with T2D do not associate diet and physical activity with the illness [4] . Low health literacy, low socioeconomic status, use of herbal remedies, psychosocial comorbidities, and limited communication with providers have also been reported among the Mexican population living with T2D [9, 10] . Thus, it is not surprising that self-management is sub-optimal in the majority of adults with T2D in Mexico and that DSME programs are warranted among this vulnerable population.
Mexico's social security system provides health care for formally registered wageworkers and their dependents. In 2003, a public health insurance system, Seguro Popular, was instituted to provide care to individuals not covered by the social security system. Adults who receive care in the Seguro Popular system have a mean age of 44.7 years, are 57% male, have low income (66.9% are in the 3 lowest socioeconomic quintiles), and 12.4% report a diagnosis of T2D [11] . In the Seguro Popular clinics, physicians, nurses, and community health workers provide T2D care which consists of medical visits, referrals to specialists and nutritionists when needed, laboratory testing, and free medicines [12] ; however, the provision of diabetes self-management education (DSME) is insufficient [13] . In 2001, the Mexico Health Department implemented a health education program in Mexico for adults with T2D, the "Mutual Help Groups" (GAM-acronym in Spanish). However, data from 2012 indicate that there were 7059 GAM groups with 172,595 beneficiaries, but only 30% of these groups were certified by the Mexico Health Department [14] . Therefore, the overarching goal of our project was to address this gap in services.
There is a widespread use of mobile devices in Mexico. More than 80% of adults in Mexico own a cell phone and text messaging use in Mexico is high at 82-89% [15, 16] . In 2018, the National Institute of Statistic and Geography reported that there were 69.6 million smartphone users in Mexico, from which 93.4% accessed the Internet through their device and 58% of them downloaded and used text messaging apps [17] . Adults aged 25-44 years of age account for 53.6% of cellphone users, while adults 45 years or older account for 29.4% of users. With respect to socioeconomic status, 58.9% of adults from the low socioeconomic strata use cellphones, equivalent to almost 9 million people [18, 19] . Thus, we supplemented the DSME program with behavior change theory-based text messaging (mHealth) as a means of communicating strategies to support self-efficacy and health behavior change, further enhancing self-management of T2D.
In this paper, we describe the systematic process we undertook to develop a DSME + mHealth program for adults with T2D receiving health care in the Seguro Popular clinics in Mexico City-¡Sí, Yo Puedo Vivir Sano Con Diabetes! to inform a future pilot study.
Methods and results
Our formative research and development of the program protocol consisted of six phases: (1) interviews and focus groups with stakeholders on the challenges to T2D management, curriculum content needs, and the use of mHealth as a supplement to a DSME program; (2) review of the theoretical underpinning, curriculum, and interactive strategies of four evidence-based DSME programs [20] [21] [22] [23] [24] and modification to meet the needs of adults with T2D and systems of care in Mexico City; (3) development of theory-based illustrated text messages; (4) evaluation of text messaging acceptability and access in adults with T2D via focus groups; (5) development of program manual; and (6) development of a training program for health care providers. Each phase of the process will be discussed in more detail.
Phase 1: Interviews and focus groups with stakeholders on challenges to T2D management, curriculum content needs, and the use of mHealth Institutional Review Board approval was obtained from Yale University and Centro de Análisis y Medición del Bienestar Social Ethics Committee in Mexico City. All participants of focus groups or interviews provided written informed consent.
We used an interpretive and participatory method with a collaborative team of diabetes experts in the USA and Mexico, clinic administrators, physicians, nurses, and adults with T2D in Mexico City to determine challenges to T2D management, curriculum content needs, and the use of mHealth as part of a DSME program in Seguro Popular clinics. We also explored how the cultural context, family, and health system shape beliefs and practices, and deliver or support care related to T2D. This qualitative study has been published [25] ; in the following section, we summarize the main points that informed our intervention development.
Common challenges to T2D self-management were identified by adults with T2D and providers. Personal challenges included (1) cultural beliefs on T2D causation and treatment; (2) challenges to lifestyle modification; (3) lack of access to healthy food, medications, and/or supplies for diabetes management; (4) lack of family support or competing demands; and (5) mental health issues. These personal challenges to T2D self-management and perceived educational needs for adults with T2D are identified in Table 1 . Both adults with T2D and providers discussed the need for more information on the cause of T2D, the treatment (medication, diet, and exercise), the cause and prevention of complications, and the need for psychological support. Providers also identified the importance of addressing cultural beliefs/misconceptions, the use of alternative medications, the importance of medical appointment attendance and ongoing laboratory tests, how to use glucometers, and targeted blood glucose levels.
Providers also gave recommendations on how the content of the intervention should be presented, such as the use of simple messages, repetition to reinforce knowledge acquisition, and an atmosphere where participants felt comfortable asking questions (Table 1) . They also recommended providing adults with T2D-specific strategies on how to fit lifestyle change into their lives, the importance of including family attendance at sessions, and the need to build confidence in the ability of adults with T2D to improve their health through diabetes self-management.
Although the use of mHealth and text messaging was positively received by adults with T2D and providers, concerns were raised regarding access to cell phones, the ability to access text or image messages, comprehension of messages, and ongoing interest in messages over time (Table 2) . Recommendations included assessing the ability of adults with T2D to use text messaging on their personal cell phones, the importance of simplified colloquial language in text messages, and the need to avoid language that could be interpreted as overly prescriptive (e.g., "you need to…you should").
Phase 2: Review the theoretical underpinning, curriculum, and interactive strategies of evidence-based DSME programs and modification to meet the needs of adults with T2D and systems of care in Mexico City
We subsequently reviewed the theoretical underpinnings, content, and interactive strategies from four evidence-based DSME programs developed and evaluated for Latino adults with T2D to develop our program: ¡Sí, Yo Puedo Vivir Sano Con Diabetes!. Specifics about each program are highlighted in Table 3 [20] [21] [22] [23] .
¡Sí, Yo Puedo. ¡Sí, Yo Puedo Controlar mi Diabetes! is a DSME program that was developed to target the unique needs of Spanish-speaking Hispanic/Latinos with low health literacy in the Texas border communities in the USA. It is based on social cognitive theory [26] and consists of six group-based weekly lessons (plus an initial orientation session) with content on understanding T2D as well as blood glucose monitoring, nutrition, exercise, and medication self-management. The primary aim of the program is to empower participants to be active in their care. Experiential learning, modeling, video novellas (stories about adults with T2D), empowerment phrases, goal setting, and group activities are used to improve self-efficacy and promote self-management of T2D. The program has been effective in reducing A1C levels, improving health behaviors, and increasing selfefficacy in Hispanic adults with T2D [20] .
T2D DSME program
The T2D DSME program for the older adults in Mexico City was developed to target the unique needs of older adults in the community setting. It was based on the theory of planned behavior and in prior models of literacy among older people [27] . Social workers with training in aspects of psychology and geriatric population, nutrition, and education in diabetes provided 20 group sessions of 1.5 h at two community groups for older adults with T2D (> 60 years of age) in Mexico City. The 20 sessions lasted approximately 6 months. The program focused on six main areas: nutritional counseling, glucose self-monitoring, adherence to medical treatment, emotional management, and diabetes education and empowerment targeting the needs of older adults. Through a pre-post analysis, the intervention was considered to be effective in improving glycemic control, self-efficacy in T2D self-management, and self-efficacy for healthcare provider interaction [23, 24] .
The Diabetes Among Latinos Best Practices Trial program (DIALBEST)
The DIALBEST program was based on stages of change and motivational interviewing theories to provide problem-solving support to Latino adults with T2D and promote positive health behaviors of T2D selfmanagement [21] . Trained community health workers provided approximately 17 home-based sessions to enhance motivation for behavior change, elicit social support, and gain skills in T2D management. Sessions included nutrition counseling including food label reading in supermarkets and healthy cooking), glucose selfmonitoring, medication adherence, and physical activity taking into account the social determinants of health. The DIALBEST program was effective in improving glycemic control at 12 and 18-month follow-up. CALMS-D was based on theories of stress and coping, adaptation, and mindfulness to improve stress management in Latino adults with T2D. Trained community health workers provided eight group-based sessions on stress, coping, managing emotions, and eliciting social support. Relaxation skill training was provided in the sessions, and a compact disc of guided relaxation exercises was given to all participants for daily usage. Significant improvements in symptoms of depression, anxiety, and self-reported health status were seen in CALMS-D participants compared to a diabetes education group. In addition, increasing attendance at CALMS-D sessions was associated with greater improvements in glycemic control and diabetes distress [22] .
In order to develop a DSME program for delivery in the Seguro Popular clinics in Mexico, we incorporated relevant theoretical underpinnings, educational content, and interactive strategies based on the aforementioned programs to meet the needs of adults with T2D with limited resources, expertise of providers, and systems of care. Social cognitive and empowerment theory informed the group-based interactive processes in sessions and the health action process model informed the development of the daily text/picture messages (Table 4) .
Once the outline for each session was approved by the research team, the content and educational materials were developed. All content and activities were provided in Spanish. Health messages were simplified and numerous visual aids were used (e.g., pictorial handouts and homework sheets) to address low health literacy. Each session included an empowerment phrase of the week, goal setting for the next week, and a stress management activity (Table 5) .
Phase 3: Development of theory-based illustrated text messages
The ¡Sí, Yo Puedo Vivir Sano Con Diabetes! program was supplemented by theory-based illustrated text messaging provided daily for 6 months to promote understanding of T2D self-management, enhance self-efficacy, and provide support for self-management goals. Inspired by the success of a text message program to improve breastfeeding in an underserved population [30, 31] , our research team developed a theory-based text and picture bank aligned with our DSME program. The Health Action Process Approach (HAPA) framework was used to tailor text messages to processes of behavior changerisk awareness, behavior change plans, behavior initiation, behavior maintenance, and prevention of relapse. Providing support for these processes is hypothesized to enhance self-efficacy, self-management, and subsequently health outcomes [21] . In the HAPA model, development of perceived self-efficacy at each stage of health behavior change is critical to initiating and maintaining new health behaviors [32, 33] .
Messages were written at the 3rd-4th grade reading level with many messages including simple pictures to enhance understanding. Adding pictures to health messages increases retention, comprehension, and adherence, particularly in adults with low health literacy [34] . To develop the illustrations for the text messages, a graphic artist was provided information on the goal of the project and our overall vision for the text messages to be positive and empowering in order to promote feelings of personal agency and confidence in diabetes self-management. For each text message, the artist provided two-three pencil sketches of text messages, which were reviewed by our research team for cultural relevance and perceived participant understanding following an iterative consensus approach. Detailed notes were provided to the artist for recommended changes (e.g., type of food, number of people in the image). The artist then created an illustration of the text message in color that was reviewed and finalized by the research team. See Table 6 for an example of a text/image messages aligned with each process of behavior change.
For our pilot study, we will align text messages with participation in the program-providing messages on raising risk/benefit awareness at the beginning of the program, moving to messages to promote behavior change planning and behavior initiation (2nd group class), and behavior maintenance/prevention of relapse (final group class). Starting in the sixth week and continuing for up to 6 months, text messages will be developed so that participants receive messages targeting all phases of behavior change, with an emphasis on maintenance/prevention of relapse messages. In future research, we will build algorithms to assess where an individual is in the process of behavior change and tailor messages accordingly. After developing approximately 25 text/illustrated text messages, we conducted focus groups with adults with T2D at two Seguro Popular Clinics in Mexico City to elicit their feedback on their understanding of text message content, their perceptions of the images, and their ability to receive and download text and image messages. Participants could participate in one or both of these focus groups. Written informed consent was obtained from participants, and they were compensated with 100 pesos as a thank you for their time for each focus group that they participated in.
For the first focus group, each participant was provided a workbook with a single text message on a page (some text messages, some image messages). The moderator went through the booklet and asked participants to provide their opinions on the presentation of content (words/images) and their comprehension of the messages. The moderator showed the image or text message to the group and asked, "What do you see/read?" "What does this mean to you?" "Does this apply to you?" "How would this message help you to think about your diabetes?" A second research assistant recorded participant responses for each message, which were summarized into a table, with comments provided for each text/ image message.
There were nine adults with T2D who participated in this stage of the text messaging evaluation with the following characteristics: 77.78% female, median age 50 years [interquartile range (IQR) 13], mean age 52.33 years [standard deviation (SD) = 10.47], 88.89% had less than high school education, 88.88% married or in cohabitation, mean A1C 9.13% (SD = 1.07), and had a median of three comorbidities. Overall, participants understood the intended meaning of the majority of the text messages and felt that the messages were positive and helpful. There were several text messages that they perceived did not apply to them or conveyed a misconception that needed to be addressed in the curriculum (see Table 7 for examples). We intentionally created images of people of varying body sizes; however, several participants felt that the people in the images "seemed fat" which was not motivating for them. The results of Understanding diabetes and need for blood glucose monitoring, healthy eating, physical activity, and taking medication Group discussion on common cultural misconceptions about diabetes (e.g. diabetes is caused by a scare or "Susto" in Spanish), eating fruit is wrong, only older adults can have diabetes, insulin treatment is the prelude to death Understanding healthy eating using "The smart plate" for people living with diabetes Stress management activity: Identifying emotions and physical reactions caused by stressful situations, breathing relaxation exercise Goal setting for diabetes self-management Session 2 Self-monitoring blood glucose: Demonstration and practice of glucometer use, interpreting glucose levels with a problem-solving approach, identifying the effect of different foods on glucose levels Stress management activity: Identifying emotions, mindfulness exercise and breathing relaxation technique Goal setting for diabetes self-management Session 3 Explanation of food groups, carbohydrates, and importance of a balanced meal. Relationship between carbohydrate intake and blood glucose levels Food measurement: Learning how to measure portions for the different food groups and distributing portions throughout the day Menu planning with limited resources: Selecting seasonal produce, highlighting healthy traditional Mexican dishes using readily available products Stress management activity: Identifying emotions to develop individualized stress coping strategies, progressive muscle relaxation exercise Goal setting for diabetes self-management
Session 4
Physical activity: Benefits, precautions, understanding the safe range of glucose levels to perform physical activity, types of physical activity (aerobic, strength), and recommended levels of physical activity for adults living with diabetes Classroom physical activity game: Ball game with musical cues and diabetes-related trivia Identifying symptoms for hypo and hyperglycemia during physical activity and hypoglycemia emergency management Stress management activity: Mindful breathing exercise Goal setting for diabetes self-management
Session 5
Communication with health care professionals: group discussion guided by a novella on strategies to improve communication with health care professionals and family members Common misconceptions about diabetes medicines: Guided group discussion and video of these issues Reading food labels and choosing the better option Stress management activity: Guided visualization meditation exercise Goal setting for diabetes self-management
Session 6
Review of diabetes self-management steps and stress management strategies Mindful eating exercise Preventing diabetes complications and taking control of diabetes: Foot care, dental prophylaxis, and diabetic retinopathy overview this focus group were used to guide revisions of these messages as well as the development of the rest of the text messages and images. We subsequently conducted a focus group with adults with T2D (at the same Seguro Popular clinics as the previous focus group) to determine their ability to receive and view text [short message service (SMS)] and picture messages [multimedia messaging service (MMS)] on different types of cell phones. Multimedia messaging (MMS) became standard in cell phone technology in 2011, which allows pictures to be received even if the phone does not have a camera. Moderators of the focus group sent text and image messages to all participants to determine their ability to receive the messages. We sent both low and high-resolution images to determine if that made a difference in receiving MMS messages. Moderators then recorded the participant's ability to receive SMS and MMS messages.
There were seven adults with T2D who participated in this aspect of the text messaging evaluation with the following characteristics: 71.43% female, mean age 51.14 years (SD = 10.96), median age 50 years (IQR 20) , and 100% had less than high school education and were married or in cohabitation, with a mean A1C 9.6% (SD = 1.13) and a median of three comorbidities. Participants had a wide variety of cell phone brands/models and used two different cell phone carriers. All participants were able to receive SMS messages without difficulty. However, many participants had difficulty receiving the MMS messages including not receiving the message, difficulty in downloading the message, or difficulty in viewing the image (too small). Participants who were able to receive messages preferred the high-resolution image as the colors were brighter and easier to view words and images. The results of this focus group reinforced the need to provide all participants with a color booklet with each text message to assure that the content of the text message was received by all participants. We also determined that we would send high-resolution image messages to enhance the visual experience as there was no difference in the ability to download images based on image size.
Phase 5: Development of program manual
At the conclusion of the focus groups, we finalized the protocol for the ¡Sí, Yo Puedo Vivir Sano Con Diabetes! program. The program consisted of seven group-based sessions, daily text messages, and monthly booklets that had each text/image message numbered in the order that they would be received if accessible by text message. For the group-based sessions, we created a training manual for the leaders of the program, a participant Table 6 Examples of text messages aligned with HAPA model workbook, colored posters to be used in sessions, and materials needed for sessions (e.g., cards with images of different foods). We also developed a fidelity checklist for program leaders to complete after each session.
Our final text message bank consisted of 181 messages. There were approximately 20-30 messages for each process of behavior change (e.g., action planning, maintenance self-efficacy) and 30 messages for each content topic (e.g., eating healthy, physical activity). There were 96 messages that were illustrated. We also created the text message color booklets on 4 × 4 cards, with a single text message on each card. Cards were numbered to align with the text message of the day and collated with a binder ring, so that participants could easily flip from one message to the next. Daily text and image messages were provided via the iMessage app™ for IOS (Apple) because Web-based platforms did not provide services in Mexican territory.
Phase 6: Train health care professionals in program implementation
We developed a training program for the facilitators of the program (group sessions coordinators) on the program protocol-a registered nurse and a social worker. This training entailed self-study, interactive sessions, and role-playing which required 4 days of training. There was one session of the training that was provided through distance learning by the original developer of the ¡Sí, Yo Puedo Controlar mi Diabetes! program. Plans for monitoring program fidelity were also reviewed.
The training program consisted of content on the program, the theoretical underpinnings of the program, the pathophysiology and treatment of type 2 diabetes, and the social determinants of health in Mexico City. Each session of the curriculum was reviewed in detail and strategies to enhance the success of group-based education were presented. Role playing was utilized to practice providing encouragement, empathy, active listening, and critical thinking. Case studies were used to allow class leaders to get feedback on addressing challenging situations (e.g., the participant did not accomplish goals, participant expresses common misconceptions about T2D). Time was allotted every day for questions and conducting one of the relaxation exercises used in the curriculum. During the last day of the training session, class leaders presented one session to the research team, and feedback was provided on aspects that went well and areas to improve.
Plans for monitoring program fidelity during implementation were also reviewed during the training program. Class leaders were instructed to follow the program manual, providing the same content for all sessions and all participants. The fidelity checklist was discussed and class leaders were asked to complete this Table 7 Examples of text messages and participant responses after every session. In addition, class leaders received ongoing coaching by a master trainer with the objective to maintain high levels of implementation fidelity, to perform and document adaptations to the class plan, and to keep class leaders motivated. The master trainer also attended some of the sessions to conduct passive observation and to provide positive feedback to class leaders. Based on these aspects, an implementation analysis will be performed and documented in the future.
Discussion and conclusion
We used a systematic approach, formative research, and collaboration with stakeholders to adapt evidence-based DSME programs to an international context and system of care. We also used an established behavior change theory (HAPA model) to inform the development of illustrated text messaging to supplement the DSME program, an innovative aspect of this program. As we developed our program protocol, we specifically sought to address perceived challenges to T2D self-management, provide content that met the need of adults with T2D and providers, and develop a text messaging component that was accessible and acceptable to adults with T2D in Seguro Popular clinics. In addition, we addressed system challenges of delivering diabetes care in low-and middle-income countries, such as lack of administrative support, clinic staff shortages, lack of established guidelines, and limited resources [35, 36] . We developed collaborations with the Ministry of Health in Mexico and administrators of Seguro Popular clinics, identified nurses as a health care professional to provide leadership in the implementation of the program, included a training program and detailed protocol to standardize guidelines and program delivery, made plans to use technology as an adjunct to clinical care, and identified the need to provide blood glucose-monitoring supplies to study participants. Collectively, this systematic program development process has the potential to enhance the feasibility, acceptability, efficacy, and scale-up of the program.
To evaluate the program, we will use a randomized, controlled pilot study design in which 40 adults with T2D will be randomized to the ¡Sí, Yo Puedo Vivir Sano con Diabetes! + mHealth or wait-list control condition with the hypothesis that clinical (A1C, body mass index, blood pressure, T2D self-management (diet, exercise, medication, blood glucose monitoring) and self-efficacy outcomes will be greater in ¡Sí, Yo Puedo Vivir Sano Con Diabetes! + mHealth participants compared to the waitlist control condition at 3 and 6 months of follow-up. We also hypothesize that the ¡Sí, Yo Puedo Vivir Sano Con Diabetes! + mHealth program will be feasible and acceptable to adults with T2D and providers and that fidelity of the program will be maintained. 
